Desferrioxamine is a complex hydroxylamine capable of chelating iron in the ferric state and currently used therapeutically in the treatment of disorders of iron overload. The mechanism of iron-induced free-radical production may have an important role in pathological conditions such as thalassaemia (Model1 & Beck 1974) and excess iron in the synovial fluid of rheumatoid arthritis patients (Gutteridge et al., 1981) .
Free-radical formation catalysed by transition metals is well-documented according to the Fenton (see Walling, 1982) and Haber-Weiss reactions (Haber & Weiss, 1934 0;-+ H202-
In conditions such as thalassaemia, the transferrinion saturation in the plasma may be exceeded and the excess iron may cause free-radical damage to tissues (Rachmilewitz et al., 1976 ; C. Rice-Evans, R. E. Marcus,
Our work involves an investigation of the effects of iron-induced free-radical formation in normal human erythrocytes in vitro, as a model for studying iron damage in erythrocytes from patients with thalassaemia major. Our earlier results (Rice-Evans et al., 1986) imply that the erythrocyte membrane has a role in enhancing ironcatalysed free-radical damage, possibly through the formation of lipid hydroperoxides and their reactive intermediates and that desferrioxamine can inhibit these oxidative mechanisms. The purpose of the present investigation is to determine the mode of action of desferrioxamine on haemoglobin in normal haemolysates, since haemolysis is part of the pathology of erythrocyte disorders of iron overload.
Fresh human erythrocytes were obtained from normal, healthy donors and used immediately. After centrifugation, the plasma and buffy coat were removed and the erythrocytes washed three times with iso-osmotic phosphate buffer, pH 7.4. Erythrocytes at a 5% suspension in iso-osmotic phosphate buffer were incubated at 37°C for various time intervals up to 24h. For haemolysis the original erythrocytes were lysed in 2Ovol. of ice-cold distilled water and treated as in the intact cell experiments. The experimental systems consisted of iron (11) sulphate (100 p~) , ascorbic acid (1 mM), hydrogen peroxide (200 p~) , desferrioxamine (400 p~) . Desferrioxamine-iron complexes were prepared by mixing equimolar concentrations of desferrioxamine with the iron (11) salt. Methaemoglobin formation was measured by the decrease in absorbance at 620 nm after the addition of cyanide (Harley & Mauer, 1960) . The degree of haemolysis was estimated spectrophometrically at 575 nm by the method of Brownlee et al., (1977) .
The results (Table 1) show that exposing erythrocyte haemolysates to oxidative stress by incubation with the iron II/ascorbate/hydrogen peroxide system results in methaemoglobin formation after a 24 h incubation at 37°C to the extent of 56% (n = 8 ) compared with 13% (n = 6) in the control haemolysates. The presence of desferrioxamine in the iron II/ascorbate/hydrogen peroxide incubation medium substantially suppresses haemoglobin oxidation but does not totally inhibit methaemoglobin formation.
Desferrioxamine alone exerts a damaging effect on haemoglobin in normal erythrocyte haemolysates incubated at 37°C compared with its action on normal intact erythrocytes (Rice-Evans et al., 1986). Incubation with desferrioxamine (400 p~) in the absence of iron-catalysed oxygen radical system induced haemoglobin oxidation which increases as a function of time to the extent of 53% (n = 5) methaemoglobin after a 24h incubation ( Table 1 ). The combination of 1 mM-ascorbate with 400 pM-desferrioxamine partially suppresses the toxic effect of the iron chelator down to 26% methaemoglobin (n = 3) after a 24 h incubation. Incubation with ascorbate (1 mM) alone does not show significant differences from the control haemolysates.
Haemoglobin is more susceptible to oxidation by interaction with desferrioxamine alone than by the iron- Table 1 catalysed oxygen radicals generated from the iron 11/ ascorbate/hydrogben peroxide system over the range of incubation times studied. This implies that desferrioxamine itself is an oxidising agent. The inhibition of haemoglobin oxidation by the presence of desferrioxamine in the iron II/ascorbate/hydrogen peroxide system suggests that the desferrioxamine-iron I11 complex is not an oxidizing agent and that the binding site for iron on desferrioxamine plays an important role in its oxidizing capacity. This is consistent with the depressed oxidative response from haemolysates treated with the desferrioxamine-iron complex. These conclusions are supported by the results on the iron-chelating drug in the presence of the free-radical scavenger and reducing agent, ascorbate, which suppresses the oxidative potential of desferrioxamine by its own reducing properties. Use of this procedure should provide much clearer information on the fibre/bile acid interactions in the terminal ileum than is possible using chemical techniques, particularly on the role of lignin, which has been proposed as the component responsible for bile acid binding (Story & Kritchevsky, 1976; Eastwood & Hamilton, 1968) .
The binding of bile acids by in vitro enzymically digested vegetable fibre
Wheat bran was ground to pass a 1 mm sieve. Dried peas were boiled (5 min, in 100 ml distilled water per 10 g of dried peas), drained blended in a domestic style blender and freeze-dried. The resulting powder was passed through a I mm sieve.
Fibre samples were prepared by one of the following methods:
Undigested fibre 1 g of powder was washed in distilled water (40ml), centrifuged, (lOmin, 14000g), the supernatant removed and the pellet freeze-dried.
Pepsinized fibre: 1 g of powder was added to 20ml of HCI/KCl (0. I M, pH 2) containing 0.25 g of porcine pepsin A (BDH). This was incubated in a gyrotary water bath (29"C, 4h), the fibre spun down (IOmin, 14000g), washed twice in 50 ml of distilled water, spun down, the supernatant discarded and the pellet freeze-dried.
Digested fibre: 1 g of powder was prepared as pepsinized fibre, but instead of the final 50ml wash, was used as substrate for the pancreatinized fibre treatment.
Lipase-, amylase-and trypsin-treated fibres: the amount of enzyme used was calculated from the published activity to be sufficient to break down 1 g of substrate over 18h. The method (with suitable substitution of enzyme) was as for pancreatin-treated fibre. All three enzymes were supplied by BHD.
Analysis of the carbohydrate and lignin fractions of the undigested and digested fibres was performed by the Abbreviation used: DC. deoxycholate.
Vol. 14 modified southgate procedure (D.A.T. Southgate, private communication). Protein contents of the fibre were measured by the micro-Kjehldahl method.
For the binding of a range of bile acids to digested and undigested bran and pea, solutions of deoxycholate (DC), cholate, chenodeoxycholate, glycocholate and taurocholate, at lg/l and 2g/l, were used as their soldium salts.
The effect on DC binding of treating the fibre with individual enzymes was examined at steroid concentrations of Ig/l and 2g/l.
Bile acid binding was measured by a modification of the technique of Eastwood et al., (1976) . Fibre (0. Ig) was added to 7 ml of bile acid solution in sodium phosphate buffer (0.1 M, pH 7.5) and left to equilibrate in a shaking water bath at 37°C for 16h, with sufficient agitation to stop the fibre settling out.
The study of the binding of a range of bile salts to undigested and digested fibres showed that in all but three cases where binding occurred, digestion reduced it significantly ( P < 0.05). In the remaining three cases there was no significant effect of digestion on bile acid binding.
For the binding of deoxycholate to bran after various enzyme treatments there is a strong correlation between protein content and DC binding ( P < 0.01, n = 16, r = 0.68). For pea no significant correlation was demonstrated.
By using the Mann-Whitney procedure (a simple ranking test), a comparison of protease-treated samples with samples left either untreated, or treated with nonproteolytic enzymes showed significantly less binding occured after protease treatment for both bran and pea.
Digestion increases the proportion of lignin in the fibre, but reduces the bile acid binding.
The enzymes involved in digestion have a marked effect on the binding properties of two very different fibres. This effect deserves further investigation by more sophisticated techniques. There is some correlation between protein content and bile binding for bran, but this may be due to other material (e.g. carbohydrate or Pectin) removed with the protein.
This paper describes a simple technique for preparing fibre for studies on its properties which sould produce material much closer to that found in the small intestine than currently used chemical methods.
On the basis of this study, the role of lignin in bile acid binding appears to be open to question.
